12 United States Patent
Nago

US009564685B2

US 9,564,685 B2
Feb. 7, 2017

(10) Patent No.:
45) Date of Patent:

(54) ANTENNA AND COMMUNICATION
APPARATUS
(71) Applicant: CANON KABUSHIKI KAISHA,
Tokyo (IP)
(72)

Inventor: Hidetada Nago, Kawasaki (IP)

(73) CANON KABUSHIKI KAISHA,

Tokyo (IP)

Assignee:

Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 107 days.

Notice:

(%)

(21) 14/290,766

(22)

Appl. No.:
Filed: May 29, 2014

Prior Publication Data

US 2014/0375524 Al Dec. 25, 2014

(63)

(30) Foreign Application Priority Data

Jun. 25, 2013  (JP) 2013-133094

(51) Int. CL
HOI1Q 1/36
HOI1Q 7/00

(2006.01)
(2006.01)

(Continued)

U.S. CL
CPC

(52)
.................. HO1Q 7/00 (2013.01); HO1Q 1/36
(2013.01); HO1Q 1/38 (2013.01); HO4B
5/0037 (2013.01); HO4B 5/0093 (2013.01)

Field of Classification Search
CPC HO4B 5/0037; HO4B 5/0093; HO1F 38/14;
HO1F 2027/2857,; HO1F 27/2871; HO2J

(58)

(56) References Cited
U.S. PATENT DOCUMENTS
6,078,609 A 6/2000 Nago
8,686,916 B2 4/2014 Yukimasa et al.
(Continued)
FOREIGN PATENT DOCUMENTS
JP 10-145267 A 5/1998
JP 2001-266101 A 9/2001
(Continued)

OTHER PUBLICATIONS

Ng et al. (“High-Q Flexible Spiral Inductive Coils” 2010 Electro-
magnetic Compatibility Symposium—Melbourne (EMC Mel-
bourne), Sep. 8-10, 2010 p. 1-4).*

(Continued)

Primary Examiner — Dameon E Levi
Assistant Examiner — Ricardo Magallanes

(74) Attorney, Agent, or Firm — Fitzpatrick, Cella,
Harper & Scinto

(57) ABSTRACT

The present invention provides an antenna 1n which first and
second conductors each having a first width are spirally
arranged on {irst and second planes, respectively, such that
a conductor-to-conductor distance 1s equal to a second
width, and an inter ends of spirals of the first and second
conductors are connected with a conductor. In this antenna,
the direction in which the spiral of the first conductor runs
from 1ts outer end to 1ts inter end and the direction 1n which
the spiral of the second conductor runs from its mter end to
its outer end correspond to each other, the first width 1s
greater than or equal to the second width, and the first and
second conductors are alternately arranged in at least a
portion thereof as viewed 1n a radius direction from an axis

17/00 of the spiral.
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1

ANTENNA AND COMMUNICATION
APPARATUS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an antenna for transier-
ring power.

Description of the Related Art

With wireless power transier, in order to achieve an
improvement 1n transier efliciency or an extension of the
transier distance, the i1dea of reducing the resistance of an
antenna while increasing the inductance value of the antenna
has been proposed. The inductance value of the antenna can
be increased by increasing the size of the antenna, or
increasing the number of turns of its coil. However, the
antenna size 1s limited by a wireless communication appa-
ratus on which the antenna 1s mounted. There 1s also a limit
to 1increasing the number of turns of the coil due to the size
of the wireless communication apparatus. If the number of
turns 1s 1mcreased 1n a small space, conductors constituting,
the antenna are closely located to each other, which may
increase the resistance due to the stray capacitance or
proximity eflect generated between the conductors.

Meanwhile, the idea of forming a coil on a multi-layer
substrate 1n which a plurality of substrates are stacked has
been proposed. Japanese Patent Laid-Open No. 10-145267
discloses a technique for increasing the inductance value by
constituting an RFID antenna with a multi-layer structure.
However, according to Japanese Patent Laid-Open No.
10-1452677, a spiral conductor 1s arranged on a front surface
and a back surface of a substrate such that the conductor
formed on the front surface and the conductor formed on the
back surface face each other. Accordingly, the resistance
component increases due to the stray capacitance or prox-
imity eflect generated between the conductor formed on the
front surface and the conductor formed on the back surface.

Here, Q factor of the coil 1n the antenna 1s given by the
tollowing equation:

Q=2nfL/r (1),

where L represents the inductance of the antenna, and r
represents the internal resistance of the antenna. Japanese
Patent Laid-Open No. 10-143267 relates to an antenna
designed for RFID. With RFID antennas, because Q) 1s set to
a low value, 1t 1s important to increase the internal resistance
according to an increase in the inductance. With wireless
power transfer, on the other hand, the internal resistance
allects the transier efliciency, and 1t 1s therefore important to
mimmize the internal resistance while increasing the induc-
tance value.

Meanwhile, Japanese Patent Laid-Open Nos. 2012-
120410 and 2011-086890 disclose a multi-layer structure 1n
which a conductor pattern on the front surface and a con-
ductor pattern on the back surface are arranged such that
they are oflset from each other. According to the techniques
disclosed 1n Japanese Patent Laid-Open Nos. 2012-120410
and 2011-086890, 1n order to suppress the stray capacitance
generated when the front surface pattern and the back
surface pattern are formed to be aligned, the conductor-to-
conductor gap 1s set to be greater than the conductor width
so as to reduce the stray capacitance.

The methods of Japanese Patent Laid-Open Nos. 2012-
120410 and 2011-086890, however, are problematic in that
there 1s a limit to minmiaturization of the antennas because the
conductor arranged on a first layer and the conductor
arranged on a second layer need to be spaced apart from
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2

cach other by an appropriate distance 1n order to reduce the
stray capacitance between a plurality of layers.

The present mnvention has been conceived to address the
problems described above, and provides a mimaturized
antenna whose resistance 1s reduced while its inductance
value 1s increased.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there 1s
provided an antenna 1n which a first conductor having a first
width 1s spirally arranged on a first plane such that a
conductor-to-conductor distance 1s equal to a second width,
and a second conductor having the first width 1s spirally
arranged on a second plane such that a conductor-to-con-
ductor distance 1s equal to the second width, and an 1nter end
of a spiral of the first conductor and an inter end of a spiral
of the second conductor are connected with a conductor,
wherein a direction 1n which the spiral of the first conductor
runs from 1ts outer end to i1ts inter end and a direction in
which the spiral of the second conductor runs from its inter
end to its outer end correspond to each other, as viewed from
one direction, the first width 1s equal to or greater than the
second width, and the first conductor and the second con-
ductor are alternately arranged 1n at least a portion thereof as
viewed 1n a radius direction from an axis of the spiral of the
first conductor or the spiral of the second conductor.

Further features of the present mvention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram showing an example of a
configuration of a first antenna.

FIGS. 2A to 2C are comparative diagrams between a
configuration of a conventional antenna and example con-
figurations of the first antenna.

FIG. 3 1s a schematic diagram showing an example of a
configuration of a second antenna.

FIGS. 4A to 4C are comparative diagrams between a
configuration of a conventional antenna and example con-
figurations of the second antenna.

FIG. 5 1s a table showing inductance values and resistance
characteristics for each antenna configuration.

FIG. 6 1s a table showing inductance values and resistance
characteristics for wire width and wire-to-wire gap.

FIGS. 7A and 7B are cross-sectional views showing
examples of configurations of antennas 1n which a first layer
and a second layer, each having an antenna pattern formed
thereon, are formed on separate substrates.

DESCRIPTION OF TH

(Ll

EMBODIMENTS

An exemplary embodiment(s) of the present invention
will now be described 1n detail with reference to the draw-
ings. It should be noted that the relative arrangement of the
components, the numerical expressions and numerical val-
ues set forth in these embodiments do not limit the scope of
the present imnvention unless 1t 1s specifically stated other-
wise.

In the following description, configurations of an antenna
will be mainly described. The antenna may be an antenna
externally attached to a communication apparatus or an
antenna built in a communication apparatus. The commu-
nication apparatus can transier power with the use of the
antenna. In other words, the communication apparatus may
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be a power supply apparatus that supplies electric power

with the use of the antenna, a power receiving apparatus that

receives electric power with the use of the antenna, or a

communication apparatus that performs communication

with the use of, for example, received electric power.
Overview

An antenna according to the present embodiment has a
multi-layer structure, as with the antenna disclosed 1n Japa-

nese Patent Laid-Open No. 2011-086890, in which a first

conductor 1s spirally arranged on a first plane (for example,
the front surface of a substrate), and a second conductor 1s
spirally arranged on a second plane (for example, the back
surface of the substrate) that 1s parallel to the first plane.
Then, the inter end of the spiral of the first conductor and the
inter end of the spiral of the second conductor are connected
with a conductor penetrating the substrate. In other words,
the first conductor and the second conductor are formed as
a single continuous conductor extending from the outer end
of the spiral of the first conductor to the outer end of the
spiral of the second conductor.

At this time, the first conductor and the second conductor
are formed such that a direction in which the spiral of the
first conductor runs from the outer end to the inter end and
a direction in which the spiral of the second conductor runs
from the inter end to the outer end correspond to each other,
as viewed from the surface on which the first conductor 1s
formed or the surface on which the second conductor is
formed. That 1s, the first conductor and the second conductor
are formed such that the conductors are wound 1n the same
direction and form a single coil. At this time, the first
conductor and the second conductor are alternately arranged
in at least a portion thereotf, as viewed from 1n the radius
direction from the axis of the spiral, as 1 the antenna
disclosed 1n Japanese Patent Laid-Open No. 2011-086890.
That 1s, the first conductor and the second conductor are
configured such that if 1t 1s assumed that the spiral of the first
conductor and the spiral of the second conductor are
expressed by a line passing through the center of each
conductor having a fixed width, the lines do not face each
other 1n at least a portion thereof. As a result, 1n at least the
portion thereotf, a part of the first conductor faces the gap
between conductors 1n the spiral of the second conductor.
Likewise, a part of the second conductor faces the gap
between conductors in the spiral of the first conductor.

With the antenna according to the present embodiment,
the first conductor and the second conductor have a same
first width, a spiral of the first conductor and a spiral of the
second conductor are formed such that the distance between
conductors in the spirals 1s equal to a second width, and the
first width 1s set to be greater than or equal to the second
width. That 1s, the conductor width i1s greater than the
conductor-to-conductor gap. Accordingly, although the first
conductor faces the conductor-to-conductor gap 1n the spiral
of the second conductor, but 1n the outer edge portion
thereot, the first conductor faces the second conductor itself.

Configuration Example of Antenna

A specific configuration example of the above antenna
will be described below with reference to FIG. 1, FIGS. 2A

to 2C, FIG. 3, and FIGS. 4A to 4C. FIGS. 1 and 3
respectively show a first example configuration and a second
example configuration of the antenna according to the
present embodiment. In the description given below, an
antenna pattern 1s formed on each of a front surface and a
back surface of a single substrate, but the present invention
1s not limited thereto. It 1s possible to, for example, form an
antenna pattern on each of parallel layers (between sub-
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strates) 1n a multi-layer structure substrate in which a
plurality of substrates are stacked.

In FIG. 1, reference numeral 101 indicates a feeding
point, reference numeral 102 indicates a front surface pat-
tern, reference numeral 103 1ndicates a back surface pattern,
and reference numerals 104 and 107 each indicate a through
hole where the front surface pattern 102 and the back surface
pattern 103 are jomned. Reference numeral 105 indicates a
first width, which 1s the width of the conductor of the front
surface pattern 102 and the back surface pattern 103, and
reference numeral 106 indicates a second width, which 1s the
wire-to-wire gap (1.e., conductor-to-conductor gap) of the
front surface pattern 102 and the back surface pattern 103.

In the antenna shown 1n FIG. 1, as described above, the
front surface pattern 102 1s formed by spirally wiring a
conductor having the first width 105 such that the conductor-
to conductor distance 1s equal to the second width 106. The
front surface pattern 102 1s connected to the back surface
pattern 103 via the through hole 107 with a conductor. As
with the front surface pattern 102, the back surface pattern
103 15 formed by spirally wiring a conductor having the first
width 105 such that the conductor-to conductor distance 1s
equal to the second width 106. At this time, as shown 1n FIG.
1, the front surface pattern 102 and the back surface pattern
103 are configured such that the direction 1n which the spiral
of the front surface pattern 102 runs from the outer end to the
inter end and the direction 1n which the spiral of the back
surface pattern 103 runs from the inter end to the outer end
are both counterclockwise, and these directions correspond
to each other, as viewed from one direction (as viewed from
the front surface or the back surface) as described above.

Here, the front surface pattern 102 and the back surface
pattern 103 are alternately arranged 1n at least a portion
thereol as viewed in the radius direction from the center
(ax1s) of the spiral. For example, the patterns are formed
such that the front surface pattern 102 and the back surface
pattern 103 do not face each other in an area other than the
area where the front surface pattern 102 and the back surface
pattern 103 intersect with each other, as viewed from the
front surface direction. In order to achieve such a configu-
ration, 1n FIG. 1, the number of turns on the back surface
pattern 103 1s less than the number of turns on the front
surface pattern 102 by one. With this configuration, the
overall size of the antenna can be reduced to fit within the
contour of the front surface pattern 102. Note that the
conductor width (first width) 1s greater than or equal to the
conductor-to-conductor distance (second width).

FIGS. 2A to 2C show examples of cross-sectional views
of antennas having such a configuration as viewed in one
radius direction (extending from point O to point P in FIG.
1) from the axis of the spiral. Note that FIGS. 2A to 2C are
not accurate cross-sectional views of FIG. 1, and merely
illustrate exemplary configurations in which the number of
turns on the front surface 1s 5 and the number of turns on the
back surface 1s 4. FIG. 2A shows a cross-section of a
conventional configuration disclosed 1n Japanese Patent
Laid-Open No. 2011-086890, FIG. 2B shows a cross-section
of a configuration of the antenna according to the present
embodiment in which the first width 105 and the second
width 106 are equal, and FIG. 2C shows a cross-section of
a configuration of the antenna according to the present
embodiment in which the first width 103 1s greater than the
second width 106. In FIGS. 2A to 2C, reference numeral 301
indicates a substrate serving as a base for the antenna.

The antenna according to the present embodiment 1s
formed, as in the antenna disclosed 1n Japanese Patent
Laid-Open No. 2011-086890, such that an antenna pattern
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formed on a first layer (front surface) faces a conductor-to-
conductor gap on a second layer (back surface). Accord-
ingly, as viewed 1n the radius direction from the axis of the
spiral, conductors are alternately formed on the first layer
and the second layer. A primary diflerence between the
antenna according to the conventional example and the
antenna according to the present embodiment 1s that the
conductor width (first width) 1s greater than or equal to the
conductor-to-conductor gap (second width). Accordingly,
when, for example, the conductor width and the gap width
are equal, as shown 1n FIG. 2B, the position of a conductor
on the front surface corresponds to the position of a gap on
the back surface as viewed from, for example, the front
surface direction. When the conductor width 1s greater than
the gap width, as shown 1n FIG. 2C, end portions of the
conductors on the front and back surfaces face each other.
Accordingly, with the antenna according to the present
embodiment, the conductor-to-conductor distance can be
reduced as compared to the antennas according to the
conventional example, and thus the antenna according to the
present embodiment can be mimaturized as compared to the
antennas according to the conventional example.

A second configuration example of the antenna shown 1n
FIG. 3 can be made in the same manner as the first
configuration example of the antenna shown in FIG. 1. In
FIG. 3, the front surface pattern and the back surface pattern
have the same number of turns, and thus the inductance
value can be further increased.

In FIG. 3, as 1n FIG. 1, reference numeral 201 indicates
a feeding point, reference numeral 202 indicates a front
surface pattern, reference numeral 203 indicates a back
surface pattern, and reference numerals 204 and 207 each

indicate a through hole where the front surface pattern 202
and the back surface pattern 203 are joined. As 1n FIG. 1,
reference numeral 205 indicates a first width, which 1s the
width of the conductor of the front surface pattern 202 and
the back surface pattern 203, and reference numeral 206
indicates a second width, which i1s the wire-to-wire gap of
the front surface pattern 202 and the back surface pattern
203.

In the antenna shown 1in FIG. 3 as well, as described
above, the front surface pattern 202 1s formed by spirally
wiring a conductor having the first width 205 such that the
conductor-to conductor distance 1s equal to the second width
206. The front surface pattern 202 1s connected to the back
surface pattern 203 via the through hole 207 with a conduc-
tor. As with the front surface pattern 202, the back surface
pattern 203 1s formed by spirally wiring a conductor having,
the first width 205 such that the conductor-to conductor
distance 1s equal to the second width 206. At this time, as
shown 1n FIG. 3, the front surface pattern 202 and the back
surface pattern 203 are configured such that the direction 1n
which the spiral of the front surface pattern 202 runs from
the outer end to the inter end and the direction 1n which the
spiral of the back surface pattern 203 runs from the inter end
to the outer end are both counterclockwise, and these
directions correspond to each other, as viewed from one
direction (as viewed from the front surface or the back
surface) as described above.

As 1n the example shown in FIG. 1, the front surface
pattern 202 and the back surface pattern 203 are also
alternately arranged 1n at least a portion thereot as viewed 1n
the radius direction from the center (axis) of the spiral. For
example, the patterns are formed such that the front surface
pattern 202 and the back surface pattern 203 do not face each
other 1n an area other than the area where the front surface
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pattern 202 and the back surface pattern 203 intersect with
each other, as viewed from the front surface direction.

FIGS. 4A to 4C show examples of cross-sectional views
ol antennas having such a configuration as viewed 1n one
radius direction (extending from point O to point P 1n FIG.

3) from the axis of the spiral. Note that FIGS. 4A to 4C are

not accurate cross-sectional views of FIG. 3, and merely
illustrate exemplary configurations in which the number of
turns on the front surface and the number of turns on the
back surface are both 5. FIG. 4A shows a cross-section of a
conventional configuration disclosed i1n Japanese Patent

Laid-Open No. 2011-086890, FIG. 4B shows a cross-section

of a configuration of the antenna according to the present
embodiment 1n which the first width 205 and the second
width 206 are equal, and FIG. 4C shows a cross-section of
a configuration of the antenna according to the present
embodiment in which the first width 203 1s greater than the
second width 206. In FIGS. 4A to 4C, reference numeral 401
indicates a substrate serving as a base for the antenna.

In FIGS. 4A to 4C as well, as 1n examples shown in FIGS.

2A to 2C, as viewed 1n the radius direction from the axis of

the spiral, conductors are alternately formed on the first layer
and the second layer. A primary diflerence between the
antenna according to the conventional example and the
antenna according to the present embodiment 1s that the
conductor width (first width) 1s greater than or equal to the
conductor-to-conductor gap (second width). Accordingly,
when, for example, the conductor width and the gap width
are equal, as shown 1n FIG. 4B, the position of a conductor
on the front surface corresponds to the position of a gap on
the back surface as viewed from, for example, the front
surface direction. When the conductor width 1s greater than
the gap width, as shown 1n FIG. 4C, end portions of the
conductors on the front and back surfaces face each other.
Accordingly, with the antenna according to the present
embodiment, the conductor-to-conductor distance can be
reduced as compared to the antennas according to the
conventional example, and thus the antenna according to the
present embodiment can be miniaturized as compared to the
antennas according to the conventional example.

Characteristics of Antenna

The characteristics of the antenna according to the present
embodiment will be described next. As shown in “Research
on Wireless Power Transter Using Electromagnetic Reso-
nant Coupling” by Takehiro Imura, Doctor’s Thesis of
Tokyo University, Electrical Engineering Department, 2010,
the highest efliciency of an antenna i1s expressed by the
following equation:

H=(Z-r)/(Z+r)=(Z-r)2/(Lmx2nf)2=(Lmx2nf)2/(Z+r)2 (2),

where H represents efliciency, Z represents characteristic
impedance, r represents the resistance of the antenna, Lm
represents mutual inductance, and 1 represents transier fre-
quency. According to “Research on Wireless Power Transter
Using Electromagnetic Resonant Coupling” by Takehiro
Imura, Doctor’s Thesis of Tokyo University, Electrical Engi-
neering Department, 2010, mutual inductance, which 1s the
highest efliciency, 1s given by the following equation:

e

Ln=((Z-}(Z+r)Y2 2f (3).

The mutual inductance 1s determined by frequency, char-
acteristic impedance, and internal resistance.

If a power supplying antenna and a power receiving
antenna are caused to face each other with a given distance
therebetween, the antennas are electromagnetically coupled.
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Generally, 1n the case where antennas facing each other are
of the same type, mutual inductance Lm' 1s expressed by the
following equation:

Lm'=kL (4),

where k represents the coupling factor between the anten-
nas, and L represents the inductance value of the antennas.
The coupling factor k 1s a value that varies according to the
distance between the antennas, and 1s expressed by a value
of 0 to 1. The higher the value, the higher the degree of
coupling.

When the mutual inductance Lm' obtained from Equation
(4) with a given distance 1s greater than or equal to the
mutual inductance of Equation (3), a high transfer efliciency
can be ensured. Accordingly, the transfer distance over
which power can be transterred while maintaining a high
transier efliciency varies depending on how many times
higher the imnductance value of the antenna with respect to
the mutual inductance Lm determined from Equation (3).

FIG. 5 shows results obtained by analyzing the following
antennas: an antenna having a pattern with 5 turns formed
only on one surface, an antenna having a front surface
pattern with 5 turns and a back surface pattern with 5 turns
tormed on both surfaces 1n a facing relationship, an antenna
of a type shown 1n FIG. 1 having 5 turns on the front surface
and 4 turns on the back surface, and an antenna of a type
shown 1n FIG. 3 having 5 turns on the front surface and 5
turns on the back surface. In this analysis, each antenna had
a square shape with a side length of 5 cm, a conductor
thickness of 400 um, and an operation frequency of 13.56
MHz.

It can be seen from FIG. 5 that the antenna having a front
surface pattern with 5 turns and a back surface pattern with
S turns formed on both surfaces 1n a facing relationship was
configured by simply arranging the same patterns on the
front surface and the back surtace, but the characteristics
thereof was not doubled relative to those of the antenna
having a pattern with 5 turns formed only on one surface,
and both the inductance value and the resistance increased
significantly. This 1s because, as stated 1n Japanese Patent
Laid-Open No. 2011-086890, the imnductance value and the
resistance vary due to the stray capacitance generated
between the front surface pattern and the back surface
pattern and the proximity etfect between the conductors. At
this time, 11 the antennas of the same type are arranged so as
to face each other, from Equation (2), a highest efliciency of
88% 1s obtained.

It can also be seen that, on the other hand, when the
pattern on the front surface and the pattern on the back
surface are oflset from each other as in the antennas shown
in FIGS. 1 and 3, the inductance value can be increased as
compared to that of the antenna having a pattern with 5 turns
formed only on one surface, and the resistance can be
suppressed as compared to that of the antenna having a front
surface pattern with 5 turns and a back surface pattern with
5 turns formed on both surfaces 1n a facing relationship. At
this time, when the antenna of a type shown m FIG. 1 having
S turns on the front surface and 4 turns on the back surface
1s used, a highest efliciency of 95% 1s obtained. When the
antenna of a type shown in FIG. 3 having 3 turns on the front
surface and 5 turns on the back surface 1s used, a highest
cliciency of 91% 1s obtamned. In this way, the highest
transier efliciency can be improved by reducing the resis-
tance of the antenna.

Next, FIG. 6 shows results obtained by analyzing an
antenna of a type shown in FIG. 1 having 5 turns on the front
surface and 4 turns on the back surface, and an antenna of
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a type shown 1n FIG. 3 having 5 turns on the front surface
and 5 turns on the back surface by setting the wire-to-wire
gap to 2 mm and changing the wire width (1.e., conductor
width) 1n a range from 2 to 2.9 mm 1n increments of 0.1 mm.
FIG. 6 also shows results obtained by analyzing an antenna
of a type shown 1n FIG. 1 having 5 turns on the front surface
and 4 turns on the back surface, and an antenna of a type
shown 1n FIG. 3 having 5 turns on the front surface and 3
turns on the back surface, which correspond to the antenna
according to the conventional technique disclosed in Japa-
nese Patent Laid-Open No. 2011-086890, by setting the
wire-to-wire gap to 2 mm and the wire width to 1.5 mm (see
the top line of the table).

It can be seen from FIG. 6 that the inductance value can
be reduced by increasing the wire width and increasing the
ratio of the area where the front surface pattern and the back
surface pattern face each other, but the resistance decreases
accordingly. Therefore, 1n the case where the primary pur-
pose 1s to increase transier efliciency, 1t can be achieved by
increasing the ratio of the area where the front surface
pattern and the back surface pattern face each other. At this
time, the mutual immductance required by a given transier
frequency 1s determined by Equation (3), and thus 1n order
to acquire the desired transfer distance, the ratio of the area
where the front surface pattern and the back surface pattern
face each other 1s limited 1n relation to Equation (4).

As described above, with the antenna according to the
present embodiment, the conductor width 1s set to be greater
than or equal to the conductor-to-conductor gap, and 1t 1s
thereby possible to miniaturize the antenna. Also, the ratio of
the area where the front surface pattern and the back surface
pattern face each other 1s controlled, and it i1s thereby
possible to control the inductance value and the resistance
value according to the purpose of the antenna.

In the embodiment given above, an example was
described in which the first layer and the second layer, each
having an antenna pattern formed thereon, respectively
serve as the front surface and the back surface of a single
substrate, but the present invention 1s not limited thereto. It
1s possible to form a single antenna by, for example, as
shown 1n FIGS. 7A and 7B, forming a {irst antenna pattern
on a first substrate and a second antenna pattern on a second
substrate, and connecting the formed antenna patterns via a
through hole by conductors. FIGS. 7A and 7B are cross
sectional views showing examples of antenna configurations
in which an antenna pattern of a first layer with 5 turns 1s
formed on a first substrate 701 and an antenna pattern of a
second layer with 4 turns 1s formed on a second substrate
702. As shown in FIGS. 7A and 7B, by forming an antenna
pattern on the front surface of each of two substrates, and
bonding together the substrates such that their back surfaces
are coplanar, the same eflects as those of the antenna
according to the above-described embodiment can be
obtained.

Also, the relative position between the first substrate 701
and the second substrate 702 may be variable. It 1s thereby
possible to switch the antenna configuration between, for
example, a configuration 1n which the conductors of the
antenna patterns formed on the first layer and the second
layer face each other and a configuration 1n which the
conductors do not face each other. That 1s, the characteristics
of the antenna can be set by selecting from the state on the
second line and the state on the third or fourth line of the
table shown in FIG. 5. Accordingly, 1n the case where 1t 1s
necessary to ensure a long transier distance, the relative
position can be changed by changing the position of either
one of the first substrate 701 and the second substrate 702
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such that the front surface pattern 102 and the back surface
pattern 103 face each other, so as to increase the mnductance.
Likewise, 1n the case where 1t 1s necessary to improve the
transier efliciency, the relative position can be changed by
changing the position of either one of the first substrate 701
and the second substrate 702 such that the back surface
pattern faces the wire-to-wire gap on the front surface
pattern, so as to reduce the resistance. Likewise, in order to
change the ratio of the area where the front surface pattern
and the back surface pattern face each other, the relative
position may be changed by changing the position of either
one of the first substrate 701 and the second substrate 702.

FIGS. 7A and 7B show examples in which the number of
turns on the front surface pattern 1s 5, and the number of
turns on the back surface pattern 1s 4, but the same configu-
ration can be used when the front surface pattern and the
back surface pattern have the same number of turns.

According to the present invention, 1t 1s possible to
miniaturize an antenna whose resistance 1s reduced while its
inductance value 1s increased.

While the present invention has been described with
reference to exemplary embodiments, 1t 1s to be understood
that the imvention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2013-133094 filed on Jun. 25, 2013, which
1s hereby incorporated by reference herein in 1ts entirety.

What 1s claimed 1s:

1. An antenna 1 which a first conductor having a first
width 1s spirally arranged on a first plane such that a
conductor-to-conductor distance 1s equal to a second width,
and a second conductor having the first width 1s spirally
arranged on a second plane such that a conductor-to-con-
ductor distance 1s equal to the second width, and an 1nner
end of a spiral of the first conductor and an mnner end of a
spiral of the second conductor are connected with a con-
ductor,

wherein a direction in which the spiral of the first con-

ductor runs from its outer end to 1ts mner end and a

direction 1n which the spiral of the second conductor

runs from its inner end to its outer end correspond to
each other, as viewed from one direction,

the first width 1s greater than the second width,

the first conductor and the second conductor are alter-
nately arranged 1n at least a portion thereof as viewed
in a radius direction from an axis of the spiral of the first
conductor or the spiral of the second conductor, and

the first conductor and the second conductor are arranged
such that the first conductor and the second conductor
are overlapped at least another portion thereof as
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viewed 1n a radius direction from an axis of the spiral
of the first conductor or the spiral of the second
conductor.

2. The antenna according to claim 1,

wherein the second conductor has the same number of
turns as the first conductor, or a number of turns that 1s

less than the number of turns of the first conductor by
one.

3. The antenna according to claim 1,

wherein the first plane 1s a front surface of a substrate on

which the antenna i1s formed, and

the second plane 1s a back surface of the substrate.

4. The antenna according to claim 1,

wherein the first plane 1s a front surface of a first substrate,

the second plane 1s a front surface of a second substrate

that 1s diflerent from the first substrate, and

the antenna 1s formed by stacking the first substrate and

the second substrate such that a back surface of the first
substrate and a back surface of the second substrate are
coplanar.

5. The antenna according to claim 4,

wherein a relative position between the first substrate and

the second substrate 1s varniable.

6. The antenna according to claim 1,

wherein the second plane 1s parallel to the first plane.

7. A communication apparatus comprising an antenna in
which a first conductor having a first width 1s spirally
arranged on a first plane such that a conductor-to-conductor
distance 1s equal to a second width, and a second conductor
having the first width 1s spirally arranged on a second plane
such that a conductor-to-conductor distance 1s equal to the
second width, and an inner end of a spiral of the first
conductor and an imner end of a spiral of the second
conductor are connected with a conductor,
wherein a direction 1n which the spiral of the first con-

ductor runs from i1ts outer end to its inner end and a

direction 1n which the spiral of the second conductor

runs from 1ts mner end to its outer end correspond to
each other, as viewed from one direction,

the first width 1s greater than the second width,

the first conductor and the second conductor are alter-
nately arranged 1n at least a portion thereof as viewed
in a radius direction from an axis of the spiral of the first
conductor or the spiral of the second conductor, and

the first conductor and the second conductor are arranged
such that the first conductor and the second conductor
are overlapped at least another portion thereof as
viewed 1n a radius direction from an axis of the spiral
of the first conductor or the spiral of the second
conductor.
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